aldehydes and ketones To the best of our knowledge, this is the first report describing the use of naked InNPs in a synthetic organic transformation.
Results and discussion
Indium powder-mediated allylation of carbonyl compouns
As can be seen in Table 1 , at first, and following the stoichiometry previously reported for this type of reactions, we investigated the indium powder-mediated allylation reaction of three different carbonyl compounds with allyl bromide. As shown in Scheme 1, the reaction of a series of aldehydes and ketones with a suspension of In powder in THF, at room temperature and under N 2 atmosphere, gave the corresponding homoallylic alcohols 1 in poor to good yields. Under the above conditions, benzaldehyde gave 1-phenylbut-3-en-1-ol (1a) in good yields in 3 h at room temperature along with 10% of the direct reduction product. Only a little amount of the starting carbonyl compound was detected at the final reaction time (Table 1 , entry 1). As expected, ketones shown to be less reactive, 20 h reaction time was needed to obtain 2-phenylpent-4-en-2-ol (1b) in 63% yield, and 1-allylcyclohexanol (1c) in only 36% yield. Furthermore, a considerable amount of starting ketone was recovered at the final reaction time in both cases ( Table 1 , entries 2 and 3).
With these results in hand, we decided to study the performance of the InNPsmediated allylations of a series of aldehydes and ketones.
Synthesis and characterization of InNPs
The indium nanoparticles were generated in situ by reduction of commercially available InCl 3 with an excess of lithium sand (3.5:1 M ratio relative to the corresponding indium trichloride) and a catalytic amount of DTBB (10 mol% referred to the indium salt). The reactions were performed using tetrahydrofuran (THF) as the solvent, at room temperature and under a nitrogen atmosphere. Droplets of the InNPs suspension obtained were analyzed by transmission electron microscopy (TEM) showing well defined, monodisperse, spherical nanoparticles with a particle size distribution of ca.
4.0±0.5 nm (Figure 1 ). The sizes were determined for 100 nanoparticles selected at random. Table 2 shows the results obtained in the allylation of carbonyl compounds promoted by InNPs prepared in situ as described above. As shown in Scheme 2, the reaction of a series of aldehydes and ketones with the InNPs suspension, at room temperature and under a N 2 atmosphere, gave the corresponding homoallylic alcohol 1 in good to excellent yields.
Scheme 2. Indium NPs mediated allylation of carbonyl compounds
Under the same reaction conditions as those used in Table 1 , the reactions performed with the InNPs, gave higher yields of the homoallylic alcohol products 1a, 1b and 1c.
Benzaldehyde was used as model substrate in order to optimize the reaction conditions for aldehyde allylation. Thus, we observed a total conversion into the corresponding alcohol 1a in shorter reaction time (1 h) than using indium powder ( Table 2 , entry 1).
On the other hand, cyclohexanone was used as model substrate in order to optimize the reaction conditions for ketone allylations. After 20 h of reaction time, the yield of the homoallylic alcohol 1c was markedly improved compared to that obtained using indium powder (36% to 76%), and the formation of the corresponding -allyl ketone as byproduct was detected ( Table 2 , entry 2). We assumed that the formation of this byproduct might proceed through the alkylation of the ketone enolate generated by the excess of lithium metal. To confirm this assumption we reproduced the same reaction conditions but in the absence of the indium salt. Thus, the starting ketone was recovered in a 60% yield together with the -allyl ketone product (ca. 40%) ( With the aim to study the compatibility of the allylation system with the presence of reducible functional groups in the starting carbonyl compounds, we tested the allylation of an unsaturated aldehyde as (-)-citronellal. The reaction led to the alcohol product 1f as a ca. 1:1 mixture of both possible diastereoisomers in almost quantitative yield ( 
Conclusions
We have developed a simple and convenient methodology for the synthesis of very reactive, well defined, monodisperse, spherical InNPs with a particle size distribution of ca. 4.0±0.5 nm, through the SET reduction of indium(III) chloride in the presence of lithium sand and a catalytic amount of DTBB, under mild conditions and in the absence of any anti-agglomeration additive or ligand. These in situ prepared InNPs have demonstrated to be efficient in the synthesis of homoallylic alcohols from carbonyl compounds, using allylbromide as allylating agent. To the best of our knowledge, this is
